Background Although laparoscopic total gastrectomy (LTG) is considered a technically demanding procedure with safety issues, it has been performed in several hospitals in Japan. Data from a nationwide web-based data entry system for surgical procedures (NCD) that started enrollment in 2011 are now available for analysis. Methods A retrospective cohort study was conducted using data from 32,144 patients who underwent total gastrectomy and were registered in the NCD database between January 2012 and December 2013. Mortality and morbidities were compared between patients who received LTG and those who underwent open total gastrectomy (OTG) in the propensity score-matched Stage I cohort and Stage II-IV cohort. Results There was no significant difference in mortality rate between LTG and OTG in both cohorts. Operating time was significantly longer in LTG while the blood loss was smaller. In the Stage I cohort, LTG, performed in 33.6% of the patients, was associated with significantly shorter hospital stay but significantly higher incidence of readmission, reoperation, and anastomotic leakage (5.4% vs. 3.6%, p < 0.01). In the Stage II-IV cohort, LTG was performed in only 8.8% of the patients and was associated with significantly higher incidence of leakage (5.7% vs. 3.6%, p < 0.02) although the hospital stay was shorter (15 days vs. 17 days, p < 0.001). Conclusion LTG was more discreetly introduced than distal gastrectomy, but remained a technically demanding procedure as of 2013. This procedure should be performed only among the well-trained and informed laparoscopic team.
Introduction
Gastric cancer is the fifth most common malignancy in the world, with 952,000 cases estimated to have occurred in 2012 [1] . Surgery remains the mainstay of treatment with curative intent, and gastrectomy with systemic D2 lymphadenectomy has been arguably the standard procedure in several treatment guidelines [2] . Gastric cancer surgery by the laparoscopic approach has been performed mainly in the East Asia and is reportedly associated with benefits such as faster recovery from the surgical stress, decreased blood loss and shorter hospital stay [3] .
Safety of laparoscopic distal gastrectomy for clinically Stage I gastric cancer has already been confirmed in the Japan Clinical Oncology Group (JCOG) 0912 study [4] , a prospective phase III study. Subsequently, this approach was acknowledged as an option of standard treatments for this population in the Japanese guidelines [2] . Nevertheless, oncological feasibility of the laparoscopic distal gastrectomy will have to be proven with more advanced gastric cancer in which suboptimal lymph node dissection may compromise survival outcomes. Thus, final survival results of the open versus laparoscopy randomized trials for clinically Stage II/ III gastric cancer conducted in China (the CLASS study [5] ), Korea (the KLASS-II study [6] ) and Japan (the JLSSG0901 study [7] ) are eagerly awaited. As for laparoscopic total gastrectomy (LTG), concerns regarding technically demanding reconstructions that involve the esophagus remain an issue, and a prospective feasibility study to explore safety of this procedure, JCOG1401, is ongoing among high-volume centers in Japan [8] . Despite these concerns, LTG has already begun to be implemented as general practice even in community hospitals.
In the current study, we retrieved and analyzed data of the patients who received total gastrectomy from the National Clinical Database (NCD), a nationwide web-based data entry system for surgical procedures founded in Japan and started the patient enrollment in 2011 [9] . The NCD was selected as the data source so as not to restrict the analysis to data from high-volume or specialized centers as in the case of the JCOG trials, but to reflect the current status of surgical practice in whole of Japan. Comparisons of various relevant short-term outcomes were made between the open and laparoscopic surgery after adjusting for various confounding factors by propensity score matching.
Material and methods

Data source
We utilized the data from the Japan Society of Gastroentelogical Surgery (JSGS) registry on the NCD. Since the enrolled cases are linked with a lifelong board certification system for the surgeons, data registration is mandatory not only for the teaching hospitals but also for the community hospitals with surgical departments throughout Japan and, thus, the database expected to cover more than 90% of the general clinical practice data in general surgery and has become the most comprehensive surgical database in Japan [10] . Audit activities via site visits have been conducted by NCD and JSGS to ensure accuracy of the data, and data obtained from the database have been used for several purposes including establishment of the risk calculators [11] for the benefit of surgical society members as in the case of National Surgery Quality Improvement Program (NSQIP) [12] by the American College of Surgeons. The data components collected for the JSGS registry are almost identical to the NSQIP database.
Patient cohort
Patients who underwent total gastrectomy for gastric malignancy between January 2012 and December 2013 were retrieved from the NCD registry. Patients were divided into a group with the preoperative diagnosis of Stage I cancer and another group with the diagnosis of Stage II-IV cancer, and these groups were analyzed separately. Data on open total gastrectomy (OTG) for Stage I cancer were recruited from 1489 institutions and laparoscopic total gastrectomy (LTG) from 717 institutions. The median number recruited for each of these procedures was 3 per an institution. Data on OTG for Stage II-IV cancer were recruited from 1777 institutions and LTG from 477 institutions. The median number recruited for the open surgery was 7 per an institution and for the laparoscopic surgery was 2.
Selection of quality indicators and confounding factors
We sought to compare the incidence of postoperative complications and other quality indicators between the two surgical approaches. To minimize the effect of several confounding factors, we organized consensus meeting participated by the authors and other supporting personnel to determine the quality indicators of interest and complications that need to be assessed as well as the potential confounding variables. Of the quality indicators, we 1 3 considered 30-day postoperative death and surgical death (deaths that occurred at any time during the hospitalization for surgery) as the most important. Other indicators of interest included occurrences of re-operations within 30 days after surgery, readmissions within 30 days after surgery, operating time, blood loss, and length of postoperative stay. We also assessed the occurrence of complications that were ≥ grade 3 based on the classification of Clavien and Dindo [13] . Confounding factors included patients' age, gender, American Society of Anesthesiologists performance status (ASA-PS) score, body mass index (BMI), preoperative conditions including the body weight loss greater than 10% within the past 6 months, smoking status, whether the surgery was elective or emergent, presence of habitual alcohol intake, the activities of daily living (ADL), and presence of comorbidities such as insulin-dependent diabetes mellitus (DM), respiratory disease, Chronic Obstructive Pulmonary Disease (COPD), hypertension, angina, hemodialysis, congestive heart failure, history of cerebrovascular accident, long-term use of steroids, and bleeding disorders. Factors such as surgical T, N, and M categories, presence of concurrent cholecystectomy and splenectomy, and whether the preoperative chemotherapy was given were also considered.
Propensity score matching and statistical analysis
A biostatistician (H. K.) conducted the propensity score modeling and matching while being blinded to the outcome. The propensity score was estimated using logistic regression models built separately in the cohort of stage I cases and the cohort of Stage II-IV cases, predicting the exposure of undergoing laparoscopic surgery against undergoing open distal gastrectomy from the confounding variables described above. After propensity score estimation, each patient undergoing laparoscopy was matched to a patient undergoing open surgery using a greedy matching algorithm without replacement with a matching caliper of 0.2 standard deviation of logit (propensity score), using the macro presented by Marcelo Coca-Perraillon [14] . The balance of the matched cohort was assessed by calculating the standardized difference between the two groups using the macro by Yang and Dalton [15] . We made comparisons of various outcomes between the matched cohort using Fisher's exact test for the outcomes with expected cell count less than 5, or Pearson's chi-squared test for others for binary variables, and using Wilcoxon rank-sum test for continuous variables. Comparisons were all two-sided and p values less than 0.05 were considered significant. All analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC, USA).
Results
Patients
During the two years, 38,868 patients who underwent total gastrectomy had been registered in the NCD. Of these, 1552 patients who did not receive the surgery to treat gastric malignancy, 4222 patients who underwent coresection of organs other than the gall bladder and spleen, and 950 patients whose preoperative clinical stage had not been defined were excluded and the remaining 32,144 patients underwent the analyses (Fig. 1) . These patients were subdivided into 11,740 patients with clinically Stage I cancer and 20,404 patients with clinically Stages II-IV cancer, and were analyzed independently.
Patient demographics
The background characteristics of clinically Stage I patients are shown in Table 1 . Of the 11,740 patients, 7793 patients were treated with OTG while 3947 (33.6%) were operated by the laparoscopic approach. Patients who were treated by OTG tended to be more elderly male patients who tend to have more advanced (Stage IB) disease (32.6% versus 18.4%) with greater proportion of the ASA-PS scores of 3-5. A greater proportion of patients treated by OTG underwent cholecystectomy (24.8% versus 13.8%) and splenectomy (4.5% versus 0.1%). After the propensity score matching by which 3912 patients who underwent OTG and 3912 who underwent LTG were retrieved, the standardized difference of all these confounding factors was reduced to 0.04 or less ( Table 1) .
As for more advanced gastric cancer, only 1802 of the 20,404 patients (8.8%) were treated by the laparoscopic approach (Table 2) . Again, greater proportions of patients treated by OTG underwent cholecystectomy (24.1% versus 12.8%) and splenectomy (13% versus 0.7%). In addition, the laparoscopic surgery tended to be selected for cancer of less advanced stage and those without preoperative body weight loss, but the differences in the age, gender, and the incidence of comorbidities between the two groups were not as prominent as in the case of early stage cancers. After the propensity score matching, 1771 patients were retrieved for each approach with improved balance of the confounding factors whose standardized differences were 0.08 or less ( Table 2) .
Comparison of morbidity and mortality between the surgical approaches among the Stage I propensity score-matched cohorts (Table 3) Operating time was significantly longer in LTG (median time: 349 mins versus 237 mins, p < 0.001) whereas the blood loss was significantly smaller (median amount: 76 mL versus 270 mL, p < 0.001). There was no significant difference in 30-day and in-hospital mortalities, although the in-hospital mortality tended to be slightly higher in the open surgery group (0.7% versus 0.5%, p = 0.19). The length of hospital stay was significantly longer in the open surgery group at the median of 16 days (10 th and 90 th percentiles 10-34 day) than the laparoscopic surgery group (median 14 days and 10 th and 90 th percentiles 9-33 days, p < 0.001), but the incidence of readmission within 30 days after surgery was higher after the laparoscopic surgery (2.7% versus 1.7%, p = 0.002).
Reoperation within 30 days after surgery was also more frequent among those treated by the laparoscopic surgery (4.5% versus 3.3%, p = 0.009). The incidence of postoperative complications tended to be higher after LTG, both regarding all grades (17.8% in LTG versus 16.4%, p = 0.09) and ≥ grade 3 (7.2% versus 6.2%, p = 0.08), although neither reached statistical significance. Most importantly, there was a significant difference in the incidence of anastomotic leakage (leakage at all anastomotic sites was included) in favor of OTG (3.6% versus 5.4%, p < 0.001). On the other hand, the incidence of superficial surgical site infection (2.3% versus 1.5%, p = 0.02) and pneumonia (2.7% versus 2%, p = 0.03) was significantly higher in OTG. There were no differences in the incidence of other complications such as intraabdominal abscess, pancreatic fistula (Grades B and C by the International study group of postoperative pancreatic fistula criteria), wound dehiscence, pulmonary embolism, and sepsis.
Comparison of morbidity and mortality between the surgical approaches in the Stage II-IV propensity score-matched cohorts (Table 4) As with the Stage I cohort, the operating time was longer and the amount of blood loss was smaller for the laparoscopic surgery (median time: 349 mins for LTG versus 237 mins, p < 0.001, median amount: 76 mL for LTG versus 270 mL, p < 0.001).
There were no significant differences in 30-day and inhospital mortalities. The length of hospital stay was significantly longer in the open surgery group at the median of 17 days (10 th and 90 th percentiles 10-39 days) than the LTG group at the median of 15 days (10 th and 90 th percentiles 9-39 days, p < 0.001). There was no difference in the Fig. 1 Flow chart of the patients who were registered and analyzed in this study Table 1 Baseline characteristics before and after propensity score matching in clinically stage IA/IB gastric cancer treated by total gastrectomy incidence of readmission, but the incidence of reoperation tended to be higher in the laparoscopic surgery (5.2% for LTG versus 3.3%, p = 0.05). There was no difference in the incidence of any (20% in LTG versus 19%, p = 0.42) or ≥ grade 3 (8.6% in LTG versus 7.4%, p = 0.17) postoperative complications. However, there was a significant difference in the incidence of anastomotic leakage (leakage at all anastomotic sites were included) in favor of open surgery (3.6% in open surgery versus 5.7% in LTG, p = 0.002). On the other hand, the incidence of superficial surgical site infection was significantly higher in open surgery (2.8% in open surgery versus 1.4%, p = 0.03). Unexpectedly, pneumonia was more frequently observed after the laparoscopic surgery (3.5% in LTG versus 2%, p = 0.008). There were no differences in the incidence of other complications such as intraabdominal abscess, pancreatic fistula, wound dehiscence, pulmonary embolism, and sepsis.
Discussion
There had been multitude of articles reporting on singleinstitution experience of LTG performed at specialized centers and by established laparoscopic surgeons [16] . Although most of these report on favorable short-term outcome and conclude that the laparoscopic surgery can be accomplished safely in experienced hands [16, 17] , some postulate that experience with approximately 100 LTG cases is required to overcome the learning curve [18] . Anastomosis involving the esophagus is associated with technical difficulty [19] , whether with the jejunum in case of total gastrectomy or with the remnant stomach in case of proximal gastrectomy. For that reason, several methods of reconstruction, using linear staplers [20, 21] , circular staplers [22] and orally inserted anvil [23] have been reported, for each of which there are several tips and pitfalls. This is in stark contrast with the situation in open surgery where the use of a circular stapler has been the standard in most circumstances for several decades [24] . LTG has, therefore, been rated by the Japanese guidelines as an investigational procedure that should preferably be conducted on the clinical trial basis, but paradoxically the procedure has been approved by the national insurance system several years ago and the cost for surgery has been reimbursed without strict regulations. Thus, whether the procedure has been adequately introduced to general hospitals and performed safely throughout Japan had been a concern, and the current retrospective analysis of the NCD provided an opportunity to look closely at this issue.
During the two years between January 2012 and December 2013, the laparoscopic approach was selected for 33.6% of the Stage I gastric cancer patients who were treated by total gastrectomy. This percentage is rather low, considering the fact that the laparoscopic approach was selected for as many as 55.4% of patients with Stage I cancer who underwent distal gastrectomy during the same period [25] . This possibly reflected the technical difficulty as well as the fact that only laparoscopic distal gastrectomy for Stage I cancer is currently recommended as an optional standard procedure in the Japanese Gastric Cancer Treatment Guidelines [2] . As for the Stage II-IV cancer, the laparoscopic approach was selected only in 8.8% of all cases of total gastrectomy. Furthermore, the tendency to prefer the laparoscopic approach for less advanced disease within the cohort was evident both in the Stage I and Stage II-IV cohorts. The laparoscopic approach for Stage I cancer was more commonly selected for younger patients and patients with low ASA-PS scores, but this tendency was not so prominent for the Stage II-IV counterparts. These facts presumably reflect discreet attitude of the Japanese surgeons who have introduced the laparoscopic surgery step-by-step, avoiding the demanding procedures such as esophago-jejunal anastomosis for total gastrectomy or extended lymph node dissection for advanced cancer until they consider they are technically well prepared. In addition, several surgeons seem to have taken the attitude of training themselves primarily by operating laparoscopically on early stage cancers while waiting for emergence of the phase III evidences that are expected to reveal oncological feasibility of the laparoscopic approach in advanced cancers. In contrast, surgeons who performed LTG for advanced cancers were mostly those with extreme expertise in this area and could have already become less selective when choosing patients for the laparoscopic approach during the two years studied. Given the technical difficulty associated with the esophago-jejunostomy, one of key quality indicators for this study would be the incidence of anastomotic leakage. Indeed, this parameter had been the primary endpoint in the JCOG1401, a one-arm study to confirm the feasibility of laparoscopic total/proximal gastrectomies [8] . Unfortunately, the site of leakage is not specified in the NCD database and may include some cases of leakage at the duodenal stump, although the leakage at the jejunojejunostomy is estimated to be extremely low in incidence. We presumed, nevertheless, that the difference in the incidence of leakage observed in the current study is due to the difference in the most demanding anastomosis, namely at the esophago-jejunostomy. In both the Stage I cohort and the Stage II-IV cohort of the current study, the incidences of anastomotic leakage were significantly higher in the LTG group. However, despite the assumption that only surgeons with supreme expertise in laparoscopic surgery challenged LTG for the Stage II-IV cohort, the incidence of anastomotic leakage was equivalent to that of the Stage I cohort. Moreover, the incidence of reoperation within 30 days from surgery was higher for the laparoscopic approach. This might reflect the possibility that intraabdominal infections including the anastomotic leakage tend to disseminate more extensively after the laparoscopic surgery due to the suppressed formation of intraabdominal adhesions. Nevertheless, the incidence of leakage overall was not as high as it had been feared, considering the fact that the expected and threshold values of the leakage rate in the JCOG1401 trial which was participated only by selected high-volume hospitals had been determined as 3% and 8%, respectively [8] . Moreover, the higher incidence of the leakage in the LTG group did not translate into longer hospital stay or higher mortality in either of the cohorts. This could be reflective of the generally shorter postoperative stay among the LTG group in case the postoperative course was uneventful, as well as the fact that the complications had been managed skillfully to avoid untoward consequences in a majority of cases.
More recently, another article by Etoh et al. comparing LTG with OTG using the NCD database was published [26] . In that study, no significant difference was found in the incidence of anastomotic leakage between the two approaches (6.1% in open surgery versus 5.3% in laparoscopic surgery, p = 0.59). While virtually entire relevant data recorded in the NCD database during a two-year period from 1804 institutions were retrospectively analyzed in the current study, data were prospectively recorded within 12 months from 169 of 179 institutions that had been invited to participate in that study. The lack of difference in the incidence of leakage in their analysis, then, could in part be due to the selection in the participating institutions, as 10 of the 179 institutions invited to join their study actually refused to participate. Indeed, as many as 37% of total gastrectomy in their series had been performed by the laparoscopic approach whereas LTG was performed only in 12% in the current study. On the other hand, that we analyzed data retrieved in 2012-2013 while Etoh et al. analyzed data obtained in 2014 cannot be ignored. A growing number of institutions have began to implement the laparoscopic approach to various types of surgery in recent years, and the time lapse of one year could have resulted in the improvement of outcome.
The current study suffers from inherent limitations due to the retrospective nature. Despite the propensity score matching, the two groups retrieved for comparison between the two approaches in each of the two cohorts are not the same. In addition, the study has weaknesses associated with the limitations in the NCD registration system. Since it was actually not possible to identify the site of anastomotic leakage, a small fraction of events in each group of patients may have involved the duodenal stump rather than the esophagojejunostomy. Neither were the data on complications in the long-term available. Laparoscopic surgery has a good reputation for reducing the incidence of acute bowel obstruction due to the lower frequency of adhesion to the large median incision needed for open surgery, but on the other hand has the inherent problem of internal hernias [27] such as Petersen' herniation [28] that occur due, in turn, to the lack of adhesions. These adverse events could occur at any time after surgery, and follow-up extending to several years is needed to assess their influence on the patients' well-being.
To conclude, this study has shown quite clearly how the laparoscopic approach was implemented in total gastrectomy for gastric cancer in the early 2010's in Japan, at a time when laparoscopic distal gastrectomy was already widely accepted for treating the early-stage cancer. Surgeons in Japan remained cautious to introduce LTG as a routine practice for clinically Stage I cancer and were even more reluctant to perform LTG for the advanced gastric cancer. Nevertheless, LTG was associated with significantly higher incidence of anastomotic leakage. Surgeons should be aware of the potential risks associated with this surgical procedure and continue to train hard and seek for appropriate assistance from the experts upon introducing this demanding procedure
